ABSTRACT Human consumption of long-chain n-3 polyunsaturated fatty acids (LC n-3 PUFA) is below recommendations, and enriching chicken meat (by incorporating LC n-3 PUFA into broiler diets) is a viable means of increasing consumption. Fish oil is the most common LC n-3 PUFA supplement used but is unsustainable and reduces the oxidative stability of the mat. The objective of this experiment was to compare fresh fish oil (FFO) with fish oil encapsulated (EFO) in a gelatin matrix (to maintain its oxidative stability) and algal biomass at a low (LAG, 11), medium (MAG, 22), or high (HAG, 33 g/kg of diet) level of inclusion. The C22:6n-3 contents of the FFO, EFO, and MAG diets were equal. A control (CON) diet using blended vegetable oil was also made. As-hatched 1-d-old Ross 308 broilers (144) were reared (21 d) on a common starter diet then allocated to treatment pens (4 pens per treatment, 6 birds per pen) and fed treatment diets for 21 d before being slaughtered. Breast and leg meat was analyzed (per pen) for fatty acids, and cooked samples (2 pens per treatment) were analyzed for volatile aldehydes. Concentrations (mg/100 g of meat) of C20:5n-3, C22:5n-3, and C22:6n-3 were (respectively) CON: 4, 15, 24; FFO: 31, 46, 129; EFO: 18, 27, 122; LAG: 9, 19, 111; MAG: 6, 16, 147; and HAG: 9, 14, 187 (SEM: 2.4, 3.6, 13.1) in breast meat and CON: 4, 12, 9; FFO: 58, 56, 132; EFO: 63, 49, 153; LAG: 13, 14, 101; MAG: 11, 15, 102; HAG: 37, 37, 203 (SEM: 7.8, 6.7, 14.4) in leg meat. Cooked EFO and HAG leg meat was more oxidized (5.2 mg of hexanal/kg of meat) than the other meats (mean 2.2 mg/kg, SEM 0.63). It is concluded that algal biomass is as effective as fish oil at enriching broiler diets with C22:6 LC n-3 PUFA, and at equal C22:6n-3 contents, there is no significant difference between these 2 supplements on the oxidative stability of the meat that is produced.
INTRODUCTION
High intakes of long-chain n-3 polyunsaturated fatty acids (LC n-3 PUFA) are associated with a decreased risk of cardiovascular disease (Burr et al., 1989 (Burr et al., , 1994 Singh et al., 1997; Marckmann and Grønbaek, 1999) , but because consumption of fish (the richest dietary source of LC n-3 PUFA) in Western diets is low, intakes of LC n-3 PUFA (certainly in Northern Europe) are low and suboptimal (Givens and Gibbs, 2008) . There are various means of increasing population intakes of LC n-3 PUFA, and one approach is through the enrichment of staple foods. The enrichment of poultry meat with LC n-3 PUFA is a viable means of increasing LC n-3 PUFA consumption in Western diets (Givens and Gibbs, 2008) because population intakes of poultry meat are high, and poultry meat is amenable to manipulation of its fatty acid composition by altering the fatty acid composition of the broiler diet.
The enrichment of poultry meat with LC n-3 PUFA is usually achieved by including fish oil in the broiler diet (Rymer and Givens, 2005) . Feeding broilers the shorter chain precursor (C18:3n-3), which is common in plant oils such as linseed, does not result in the deposition of LC n-3 PUFA in the meat to any nutritionally significant extent (López-Ferrer et al., 2001; Rymer and Givens, 2006) . However, the use of fish oil in broiler diets is expensive, may not be sustainable, and does cause problems with the oxidative stability of the meat (O'Keefe et al., 1995; Meynier et al., 1999; Kahraman et al., 2004) . Encapsulating the fish oil in a gelatin matrix may help maintain its oxidative stability (Schrooyen et al., 2001 ) before consumption by the bird and perhaps increase the oxidative stability of the meat as a result. An alternative approach is to use marine algae (the primary producers of the LC n-3 PUFA) rather than fish products. The advantage of this approach would be that the marine algae may be cultivated and thereby overcome the problems of sustainability of supply (because farmed fish need to be fed with fish oil to deposit LC n-3 PUFA in their tissues). Several algal species have been identified that produce LC n-3 PUFA (Guschina and Harwood, 2006) and the use of algal oil or algal biomass in livestock diets has been observed to increase the LC n-3 PUFA content of pig meat (Sardi et al., 2006) , eggs (Abril et al., 1999; Meluzzi, 2003; Cheng et al., 2004; Chin et al., 2006; Cachaldora et al., 2008) , and poultry meat (Mooney et al., 1998; Sirri et al., 2003; Kralik et al., 2004; Jeong et al., 2008) . It was reported by Mooney et al. (1998) that although the overall acceptability of the meat from broilers fed marine algae was reduced (compared with the control), it was more acceptable than meat from birds fed fish oil, suggesting that the oxidative stability of the meat from birds fed algae rather than fish oil was greater. The objective of the experiment reported in this paper was to compare the oxidative stability and enrichment of poultry meat with LC n-3 PUFA when broilers were fed diets containing either fresh fish oil, a fish oil encapsulated in a gelatin matrix (to maintain its oxidative stability), or a marine algal biomass.
MATERIALS AND METHODS

Birds
One-day-old as-hatched Ross 308 chicks (144) were purchased and brooded together in a floor pen for 21 d, being fed ad libitum a proprietary chick crumb (Chick ACS Crumbs, Countrywide Farmers, Worcestershire, UK) with clean, fresh water always available. After 21 d, the birds were randomly allocated to 1 of 24 pens, with 6 birds per pen. Pens were 1 m 2 with a solid floor. Six treatment diets were then randomly allocated to the pens (4 pens per treatment) and birds were fed these experimental diets ad libitum for 21 d. After 42 d, the birds were slaughtered by being electrically stunned and then bled. Samples of skinless breast and thigh meat were taken from 2 of the birds, homogenized separately (Braun MR4000, Proctor and Gamble, Newcastle, UK, retaining separate samples from each bird), and stored in sealed polyethylene bags at −20°C until analyzed for fatty acid composition. Skinless breast and leg meat from the other 4 birds were bulked by pen and stored (−20°C) as whole portions in sealed polyethylene bags until analyzed for oxidative stability.
Diets
The 3 sources of dietary LC n-3 PUFA used were fresh fish oil (FFO, United Fish Industries, Grimsby, UK), an encapsulated fish oil (EFO, microcapsules of feed-grade fish oil encapsulated in feed-grade gelatin, OMG 750 Micropearls, Soda Feed Ingredients Ltd., Monaco), and algal biomass (AG, derived from the algal species Schizochytrium, DHA Gold, Martek Biosciences Corporation, Columbia, MD). All sources were first analyzed for fatty acid composition. Three dietary concentrations of AG were used. The medium concentration (MAG) was formulated to have the same dietary concentration of the fatty acid C22:6n-3 (DHA) as the EFO and FFO diet (5 g of DHA/kg of diet as fed). A diet with a lower inclusion of AG (LAG) had half the inclusion of AG as MAG, whereas another diet (HAG) had twice the dietary concentration of AG compared with MAG. A sixth control diet (CON) was supplemented with blended vegetable oil. The formulations of the 6 experimental diets used are summarized in Table 1 . Diets were formulated to be isoenergetic and isonitrogenous, which meant that diets containing AG had less soybean meal but more blended vegetable oil than diets containing fish oil. A running sample of each diet was taken when the birds were being fed the diets, bulked, stored at −20°C, and analyzed for fatty acid composition.
Feed Intake and Bird Performance
Birds were weighed at 21 d when they were allocated to their pens, and again on d 42 just before they were slaughtered. The amount of feed offered to each pen and the amount refused by each pen was recorded daily (from d 21 to 42). From these data, cumulative feed intake, weight gain, and feed conversion ratio was calculated on a pen basis from d 21 to 42.
Determination of Fatty Acid Composition
Milled (1-mm screen) feed (in duplicate) or homogenized meat tissue (8 samples of each tissue from each diet) was defrosted and samples of feed (10 g) or meat (ca. 20 g) were then homogenized using a stalk homogenizer with methanol (40 mL) and chloroform (20 mL) for 2 min. More chloroform (20 mL) was then added and the mixture was homogenized for a further 1 min. The mixture was filtered through sintered glass and the filtrate was poured into a separating funnel. The chloroform extract was then poured into a round-bottomed flask and evaporated on a rotary evaporator. A mixture of chloroform:methanol (2:1 vol/vol) was then added (25 mL for feed, 20 mL for meat) to dissolve the residue. A sample (1 mL) of this extract was then pipetted into a 10-mL tube and dried under a stream of nitrogen. The residue was dissolved in dried toluene (1 mL) and sodium methoxide (0.5 M in methanol, 2 mL) to methylate the fatty acids. The tube was capped and then heated on a heating block set at 60°C for 30 min. Glacial acetic acid (0.1 mL) and hexane (2 mL, containing an internal standard, docosane) were then added and mixed, followed by water (5 mL). The organic layer (3 mL) containing the fatty acid methyl esters were then separated off and analyzed using a gas chromatograph-mass spectrometer (Hewlett Packard GCD Series 2, Palo Alto, CA). Samples were injected (split injection) onto a capillary column (60 m, 0.32-FATTY ACID CONTENT AND STABILITY OF ALGAE-FED CHICKEN mm diameter) with helium (flow rate 1 mL/min) used as the carrier gas. The column was held at 70°C for 2 min before being raised to 165°C (5°C/min) for 5 min. It was then raised to 180°C (6°C/min) for 10 min and then 230°C (3°C/min) for 3 min. The inlet temperature was 260°C and the detector temperature was 250°C. Fatty acid methyl esters were identified by comparing retention times with those of standards and by mass spectra. Quantification was done by normalizing the areas under the curve, with concentrations calculated as micrograms per milliliter of solution injected on the column. Fatty acid concentrations were then calculated in terms of milligrams of fatty acid per 100 g of tissue (fresh weight).
Determination of Oxidative Stability
Samples of skinless breast and leg meat were taken from 1 bird in each of 2 pens per treatment (2 measurements for each tissue from each diet). All samples were stored in polyethylene bags at −20°C. Samples were then defrosted for 24 h at room temperature. One sample of each meat from each bird was then cooked by wrapping it in aluminum foil and roasting it in an oven (180°C) for 30 min. All samples were then packed in polyethylene bags again and stored at −20°C pending analysis.
Samples were removed from the freezer 24 h before analysis and allowed to defrost in a refrigerator (4 to 8°C). The volatiles were extracted from the samples with a combined steam distillation and extraction method. The sample was cut in small pieces and mixed and a subsample (about 50 g) was then taken. A combined steam distillation and solvent (pentane and ether, 2:1 vol/vol) extraction procedure (Likens and Nickerson, 1964) was then used. The extracts were dried and concentrated to 0.5 mL. Internal standard (dodecane) was then added. The concentrates were analyzed with gas chromatography-mass spectrometry on a DB-5MS column (30 m × 250 µm × 1 µm; Agilent Technologies, Wilmington, DE). Samples (1 µL) were injected with a split-splitless injector; the oven was held at 40°C for 1 min, and then it was increased at 10°C/min until reaching a final temperature of 320°C. Peaks were identified on the basis of mass spectrum. For quantification, reference solutions of hexanal were used. All peaks in a chromatogram were quantified as hexanal equivalents assuming a similar response factor.
Statistical Analysis
The effect of diet on bird performance was estimated by ANOVA. The effect of diet on the fatty acid composition of the meat was determined using linear contrasts to address the following null hypotheses:
1. There was no significant difference in the mean fatty acid concentration of meat from birds fed fish oil or algal biomass (FFO, EFO, and MAG) compared with meat from birds fed CON. 2. There was no significant difference in the mean fatty acid concentration of meat from birds fed algae (mean of LAG, MAG, and HAG) compared with the mean fatty acid concentration of meat from birds fed fish oil (FFO and EFO). 3. There was no significant difference in the fatty acid concentration in meat from birds fed FFO or EFO. 4. There was no significant difference in the fatty acid concentration of meat from birds fed equivalent concentrations of DHA from FFO or algal biomass (MAG). 5. There was no significant difference in the fatty acid concentration of meat from birds fed equiva- 1 Diets supplemented with the following: CON = blended vegetable oil; FFO = fresh fish oil (5 g of C22:6n-3/ kg of diet); EFO = encapsulated fish oil (5 g of C22:6n-3/kg of diet); LAG = algal biomass (2.5 g of C22:6n-3/kg of diet); MAG = algal biomass (5 g of C22:6n-3/kg of diet); HAG = algal biomass (7.5 g of C22:6n-3/kg of diet). Diets were formulated to contain 13.5 MJ of ME/kg and 227 g of CP/kg of diet (as fed).
2 Providing 100 IU of vitamin E/kg of diet.
lent concentrations of DHA from EFO or algal biomass (MAG). 6. There was no significant linear effect on the fatty acid concentration of meat from birds fed increasing dietary concentrations of algal biomass. 7. There was no significant difference in the fatty acid concentration of meat from birds fed a large amount of algal biomass (HAG) compared with fish oil (FFO and EFO).
The effect of meat type (breast or leg) and diet on the concentration of aldehydes was assessed by ANOVA. Differences between means were assessed using Tukey's comparison test. Stepwise regression was then used to relate the concentrations of fat content, unsaturated fatty acids (ΣC18:1n-9, C18:1n-11, C18:2n-6, C18:3n-3, C20:4n-6, C20:5n-3, C22:5n-6, C22:5n-3, C22:6n-3), monounsaturated fatty acids (C16:1n-7, C18:1n-9 and n-11), polyunsaturated fatty acids (PUFA; ΣC18:2n-6, C18:3n-3, C20:4n-6, C20:5n-3, C22:5n-6 and n-3, C22:6n-3), n-3 PUFA (ΣC18:3n-3, 20:5n-3, C22:5n-3, C22:6n-3), n-6 PUFA (ΣC18:2n-6, C20:4n-6, C22:5n-6), LC n-3 PUFA (ΣC20:5n-3, C22:5n-3, C22:6n-3), longchain n-6 PUFA (C20:4n-6 and C22:5n-6), and peroxidizability index (PI) of the meat to the concentrations of hexanal; 2-nonenal; 2,4-decadienal; and hexadecanal in the meat to assess the relative importance of particular fatty acids on the development of aldehydes in the cooked meat. Peroxidizability index is a measure of the relative susceptibility of different fatty acids to autoxidation (Arakawa and Sagai, 1986) and is calculated using the equation PI = (%monoenoic × 0.025) + (%dienoic × 1)
where the concentration of fatty acids in a food or oil is calculated as a percentage. From this equation, it can be seen that the more unsaturated a fatty acid, the greater its susceptibility to oxidation, and therefore, the more likely it may be to confer an "off" flavor in a food.
RESULTS AND DISCUSSION
Bird Performance
The performance of the birds is summarized in Table  2 . There was no significant effect of diet on mean bird weight, daily weight gain, cumulative feed intake, or feed conversion efficiency. There was therefore no evidence that the inclusion of either fish oil or AG had an adverse effect on bird performance.
Fatty Acid Composition of Diets
The fatty acid composition of the diets is summarized in Table 3 . The concentration of LC n-3 PUFA in the CON diet was negligible, as was the concentration of C20:5n-3 and C22:5n-3 in the diets containing algal biomass (LAG, MAG, and HAG). Increasing amounts of C22:5n-6 were observed in diets increasing amounts of algal biomass. Although not identical, the C22:6n-3 contents of the FFO, EFO, and MAG diets were similar, although higher in the FFO diet compared with EFO and MAG. The amounts of C18:3n-3 in the diets containing fish oil were very small; the CON and AG diets had a similar concentration of C18:3n-3. The highest concentration of C18:2n-6 was observed in the CON diet.
In this experiment, the algal source of LC n-3 PUFA that was used was algal biomass rather than algal oil, and so blended vegetable oil needed to be added to the diet to balance the energy content of the diet (diets were isoenergetic and isonitrogenous). Compared with the diets containing fish oil, the algal diets therefore had a higher concentration of C18:3n-3 and, compared with the FFO diet, a higher concentration of C18:2n-6 as well. The concentrations of C20:4n-6 in all diets were similar.
The species of alga used in this experiment (Schizochytrium spp.) produces predominantly C22:6n-3, with C22:5n-6 as a minor product (Jiang et al., 2004; Guschina and Harwood, 2006) . Diets containing AG therefore had appreciable amounts of C22:6n-3, but also small amounts of C22:5n-6, which was undetectable in the other diets. Diets were formulated to provide (in the case of MAG, FFO, and EFO) equal concentrations of C22:6n-3, which restricted the ability of the algal diets to enrich the poultry meat with LC n-3 PUFA to the same extent as the fish oil diets because much of the LC n-3 PUFA in the fish oil diets was in the form of C20:5n-3 and C22:5n-3, which was virtually absent in the diets containing algal biomass. The highly unsaturated nature of C22:6n-3 may limit the amount of this type of algal biomass that can be incorporated into poultry diets to maintain the oxidative stability of the meat that is produced, and including other algal species that produce the less unsaturated C20:5n-3, or a range of PUFA (Guschina and Harwood, 2006 ) in a blend with Schizochytrium sp. may be beneficial.
Fatty Acid Composition of Meat
The fatty acid composition of the breast and leg meat (presented in Tables 4 and 5) reflected the fatty acid composition of the diets. The contrasts that were considered had no significant effect on the concentrations of the C16:0, C16:1n-7, C18:0, and C18:1 fatty acids in leg meat, but in the breast meat, MAG had a slightly higher C16:0 content than EFO and the C18:1 trans-11 content was slightly higher in fish oil compared with algae and in FFO compared with EFO. Breast meat from birds fed CON had a significantly higher C18:2n-6, C18:3n-3, C20:4n-6, and total n-6 content but significantly lower C20:5n-3, C22:5n-3, C22:6n-3, and total n-3 content than breast meat from birds fed AG or fish oil. In the leg meat, these differences between CON, AG, and fish oil were only significant for C18:3n-3, C20:5n-3, C22:5n-3, C22:6n-3, and total n-3. Most of this difference was between CON and fish rather than between CON and AG because the concentrations of C18:2n-6, C18:3n-3, C20:4n-6, C22:5n-6, and total n-6 were higher and those of C20:5n-3, C22:5n-3, and total n-3 were lower in meat from birds fed algal biomass compared with fish oil (the difference in C18:2n-6 and total n-6 content in leg meat was not significant). The low concentration of C20:5n-3 and C22:5n-3 in meat from birds fed AG (and CON) reflect the virtual absence of these fatty acids in the AG and CON diets. However, there was no significant difference between algal biomass and fish oil in the concentration of C22:6n-3 in either breast or leg meat, suggesting this fatty acid was deposited with equal efficiency from both dietary sources.
The increased concentration of C18:3n-3 in the CON and algal biomass diets compared with fish oil did not appear to have resulted in the production and deposition in the edible tissues of LC n-3 PUFA by the birds (through the desaturation and elongation of C18:3n-3 to C20:5n-3 and C22:6n-3). This highly inefficient conversion of C18:3n-3 to LC n-3 PUFA has been reported before (López-Ferrer et al., 2001; Rymer and Givens, 2006) .
At the medium inclusion level of algae (MAG), the same differences between algae and fish oil were observed with both FFO and EFO in breast meat (except for total n-3 content and total n-6 content with EFO). However, only C20:5n-3, C22:5n-3, and total n-3 contents were significantly different in the leg meat from birds fed MAG compared with EFO. Encapsulated fish oil produced breast meat with a higher concentration of C18:2n-6, total n-6, and C18:3n-3 but a lower concentration of C20:5n-3 and C22:5n-3 compared with FFO; total n-3 and n-6 contents were higher in leg meat from birds fed EFO, but there were no significant differences between EFO and FFO in the concentrations of individual fatty acids in the leg meat. There was also no significant difference in the concentration of C22:6n-3 in breast meat from birds fed either FFO or EFO. There was no linear effect of algal biomass inclusion level in the poultry diet on the concentration of fatty acids in the breast meat, with the exception of C22:5n-6 and C22:6n-3 (the only 2 fatty acids that were greatly af- fected by the inclusion of algal biomass in the diet). With both of these fatty acids, there was a significant linear increase in concentration with increased concentration of algal biomass in the diet. Linear increases in the C20:5n-3, C22:5n-3, C22:6n-3, and total n-3 content of leg meat were also observed with increasing inclusion of dietary algal biomass. In the breast meat, HAG had a significantly higher C18:2n-6, C18:3n-3, C20:4n-6, C22:5n-6, total n-3, and total n-6 content but a significantly lower C20:5n-3 and C22:5n-3 content than fish oil. Differences were less marked in leg meat, but the concentration of C20:5n-3 and C22:5n-3 was lower although total n-3 content was higher in leg meat from birds fed HAG compared with those fed fish oil. The C22:6n-3 content in the breast meat was similar in birds fed HAG or fish oil but was higher in the leg meat when birds were fed HAG rather than fish oil. The enrichment of poultry meat with LC n-3 PUFA observed in this experiment is similar to previous observations. The concentration of C22:6n-3 in the breast meat reported by Mooney et al. (1998) is a typographical error (R. Abril, Martek Biosciences Corporation, personal communication) and was in reality approximately 106 mg/100 g of fresh meat. This is similar to the 147 mg/100 g of fresh meat reported in this study. The data reported by Kralik et al. (2004) also produced similar estimates of enrichment. The concentration of n-3 PUFA in breast meat from birds fed 10 g/kg of Schizochytrium sp. (equivalent to our LAG treatment) reported by Sirri et al. (2003) was lower (48 mg/100 g), although the concentration in leg meat was similar (90 mg/100 g). Jeong et al. (2008) also reported lower concentrations of C22:6n-3 in breast meat (approximately 24 mg/100 g), but the supplement used in their experiment was soybean meal (10 g/kg of diet) that had been fermented with Schizochytrium sp.; therefore, the actual level of inclusion of dietary C22:6n-3 was lower than what was used in this experiment. Because intakes of LC n-3 PUFA in Western Europe are currently calculated to be approximately 100 mg/d (Givens and Gibbs, 2008) , against a minimum recommendation of 450 mg/d (SACN/COT, 2004), the consumption of 100 g of meat from birds fed diets enriched with LC n-3 PUFA (from either fish oil or algal biomass) will clearly make a significant effect on current levels of LC n-3 PUFA consumption.
Because C20:4n-6 was virtually absent in the diets, it presumably accumulated in the meat tissue as a result of elongation and desaturation of some of the dietary C18:2n-6 to its longer chain (and essential form) of C20:4n-6. In the case of AG, some C20:4n-6 might also arise from the β-oxidation of C22:5n-6 (which was undetectable in the CON and fish oil diets) to C20:4n-6 because the concentration of C22:5n-6 observed in the meat from birds fed algal biomass was extremely low, suggesting only limited accumulation of this fatty acid. Increased plasma concentrations of C20:4n-6 have also been observed in humans administered with oil derived from Schizochytrium spp. (Sanders et al., 2006) . Table 4 . Effect of diet on the fatty acid composition (mg/100 g of fresh meat) of breast meat Diets supplemented with the following: CON = blended vegetable oil; FFO = fresh fish oil (5 g of C22:6n-3/kg of diet); EFO = encapsulated fish oil (5 g of C22:6n-3/kg of diet); LAG = algal biomass (2.5 g of C22:6n-3/kg of diet); MAG = algal biomass (5 g of C22:6n-3/kg of diet); HAG = algal biomass (7.5 g of C22:6n-3/kg of diet).
2
Represents the sum of the n-6 or n-3 fatty acids.
3 AG = algal biomass.
FATTY ACID CONTENT AND STABILITY OF ALGAE-FED CHICKEN
Oxidative Stability of the Meat
Significantly higher concentrations of aldehydes were found in the cooked meat compared with the uncooked meat. Indeed, aldehydes were virtually undetected in many samples of the uncooked meat. A total of 18 different aldehydes were identified in the headspace above the cooked meat; the effect of poultry diet on the concentration of different aldehydes in cooked breast and leg meat is presented in Table 6 . The most abundant aldehyde was hexanal; 2,4-decadienal and hexadecanal were the next most common aldehydes that were identified. With the exception of hexadecanal, the highest concentration of aldehydes was observed in leg meat from birds fed EFO, followed by leg meat from birds fed HAG. The highest concentration of hexadecanal, on the other hand, was observed in the breast meat of birds fed CON. The meat that was analyzed was essentially freshly cooked (because it was frozen again immediately after cooking until it was analyzed), and the concentrations of the different aldehydes were therefore relatively low. A more extreme test of the oxidative stability of the meat would have been to cook the meat, refrigerate it, and then reheat it. This secondary heating destroys much of the protective matrix of the meat, rendering the lipids more susceptible to oxidation. Meat that has been enriched with PUFA may be acceptable when freshly cooked, but reheated meat that has been enriched in this way has been reported to have developed significant "off" flavors (O' Keefe et al., 1995) . Meat that is enriched with PUFA therefore needs to be protected against oxidation in both its uncooked and cooked state.
The higher lipid content of leg meat compared with breast meat is reflected in its lower oxidative stability because, apart from hexadecanal, all aldehydes were more concentrated in the leg meat. The lipid content of the meat was also the single greatest determinant of aldehyde content in the stepwise regression that was done. There was no evidence that the dietary source of the LC n-3 PUFA (fish oil or algal biomass) affected the oxidative stability of the meat (as assessed by the aldehyde concentration of the meat). This is in contrast to the observations of Mooney et al. (1998) , who observed that meat from birds fed algal biomass was more acceptable than meat from birds fed fish oil. The meat in this experiment was not subjected to sensory analysis, and it is not known how acceptable the meat would be, nor whether consumers would be able to distinguish between the meat of birds fed CON, algal biomass, or fish oil. It is surprising that the birds fed a fish oil that was protected from oxidative deterioration (EFO) produced leg meat that appeared to be less oxidatively stable than the meat from birds fed unprotected fish oil. This might be explained in part by the C22:6n-3 contents of these 2 meats. Although not statistically significantly different, there was a numerically higher concentration of C22:6n-3 in the leg meat of birds fed EFO rather than FFO, which would render the EFO Table 5 . Effect of diet on the fatty acid composition (mg/100 g of fresh meat) of leg meat Represents the sum of the n-6 or n-3 fatty acids.
3 AG = algal biomass. Means without a common superscript differ significantly (P < 0.05).
1 Diets supplemented with the following: CON = blended vegetable oil; FFO = fresh fish oil (5 g of C22:6n-3/kg of diet); EFO = encapsulated fish oil (5 g of C22:6n-3/kg of diet); LAG = algal biomass (2.5 g of C22:6n-3/kg of diet); MAG = algal biomass (5 g of C22:6n-3/kg of diet); HAG = algal biomass (7.5 g of C22:6n-3/kg of diet).
FATTY ACID CONTENT AND STABILITY OF ALGAE-FED CHICKEN meat more susceptible to oxidation. All of the birds were fed 100 IU of vitamin E/kg of diet, and this, together with the antioxidants used in the production of FFO, appears to have conferred sufficient protection for the fresh fish oil.
Relationship Between Fatty Acid Composition and Aldehyde Production in the Meat
Results of the stepwise regressions are summarized in Table 7 . The inclusion of a second term improved the relationship between concentrations of fatty acids in the meat and aldehydes in the headspace above the meat, but third terms were not added. The first term that was selected for the prediction of hexanal; 2,4-decadienal; and total aldehydes was the lipid content of the meat. For the prediction of hexadecanal, the first variable that was selected was the unsaturated fatty acid content of the meat. The second variable that was selected was PI (for hexanal and hexadecanal), n-3 PUFA (for 2,4-decadienal), and the monounsaturated fatty acids content of the meat (for total aldehyde concentration). Approximately 50% of the variation in hexanal; 2,4-decadienal; and total aldehyde content was accounted for by these variables but only 30% of the variation in hexadecanal content. Overall, the n-3 series of fatty acids are more unsaturated than the n-6 series and so are more prone to conferring oxidative instability on the meat. However, enriching meat with any PUFA increases its propensity to autoxidation and the possible production of unpleasant volatiles. Elmore et al. (1999) observed that the majority of volatile compounds produced during cooking were derived from the more abundant mono and diunsaturated fatty acids, rather than PUFA, although such autoxidation appears to be promoted by increased concentrations of PUFA. The enrichment of poultry meat with LC n-3 PUFA must therefore be done in such a way as to protect the meat from autoxidation. This can be achieved (as was done in this experiment) by the dietary inclusion of antioxidants such as vitamin E (Nam et al., 1997) . The oxidative stability of the meat does not appear to be any different if it is enriched with algal biomass rather than fish oil.
In conclusion, the enrichment of chicken meat with LC n-3 PUFA (to improve the suboptimal intakes of these essential fatty acids by human consumers) can be achieved with equal efficiency using either fish oil or, perhaps more sustainably, algal biomass. At equal concentrations of the highly unsaturated C22:6 LC n-3 PUFA, there is no significant difference between these 2 supplements in the oxidative stability of the meat that is produced. 
